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N O T E S  ON THE P R O B L E M  O F  C O N T R O L L I N G  MANNED S P A C E C R A F T  

N .  N. Moiseyev 

A B S T R A C T .  One o f  t h e  most impor tant  problems concern ing 
manned s p a c e c r a f t  development i s  t h a t  o f  the  s y n t h e s i s  o f  
a contrn! s y s t m .  O b v i s u s l y ,  any spacecra f t  m i i s t  c o i i t a l n  
a computer; t h i s  computer w i l l  g e n e r a l l y  be a s p e c i a l i z e d ,  
r a t h e r  than u n i v e r s a l ,  computer, r e q u i r e d  t o  s o l v e  o n l y  a 
c e r t a i n  d e f i n i t e  range o f  preprogrammed problems. The 
presence o f  the  on-board computer requ i  res t h a t  t h e  
problem o f  syn thes is  be s t a t e d  anew. T h i s  i s  e x p l a i n e d  
u s i n g  t h e  example o f  o r b i t a l  adjustments.  

The problem of  manned spacec ra f t  is  doub t l e s s  among t h e  most important /11 
problems o f  contemporary a s t r o n a u t i c s .  

This  problem has many a spec t s .  One of  t h e  most important problems 
involved i n  i t s  s o l u t i o n  i s  t h e  problem o f  the  s y n t h e s i s  of  a c o n t r o l  system. 

Apparently it must be considered a p o s t u l a t e  t h a t  t h e  s p a c e c r a f t  w i l l  
con ta in  a computer. The range of  problems t o  be solved on board t h e  space- 
c ra f t  i s  s o  broad,  and t h e s e  problems a r e  s o  complex, t h a t  it would hard ly  
be  p o s s i b l e  t o  a t tempt  t h e i r  s o l u t i o n  without u s ing  an e l e c t r o n i c  computer. 
Also, cer ta in  t e c h n i c a l  p r e r e q u i s i t e s  must be met. Actua l ly ,  it i s  p o s s i b l e  
a t  t h e  p r e s e n t  t ime t o  produce small computers. These computers may a l s o  be 
s p e c i a l i z e d ,  r a t h e r  than  un ive r sa l  computers, s i n c e  they  must so lve  only a 
c e r t a i n  d e f i n i t e  range of preprogrammed problems. 

The presence of t h e  on-board computer f o r c e s  us t o  s t a t e  t h e  problem of 
Let u s  expla in  t h i s  using t h e  example of o r b i t a l  adjustments .  s y n t h e s i s  anew. 

Suppose a t  a given moment we have de tec t ed  a dev ia t ion  i n  t h e  p o s i t i o n  - / 2  
of t h e  s p a c e c r a f t  from t h e  planned p o s i t i o n .  
by xo. 
wi th  t h e  minimum expendi ture  of energy I ( u ) .  
mine t h e  opt imal  c o n t r o l  U ( t , x  ) .  However, a t  moment T ,  due t o  random 1 0 
p e r t u r b a t i o n s ,  once more t h e  spacec ra f t  is  found t o  be i n  a condi t ion  o t h e r  
than  t h e  c a l c u l a t e d  condi t ion .  Repeating our  d i scuss ions  above, w e  once more 

Let u s  r ep resen t  t h i s  dev ia t ion  

From t h i s  cond i t ion ,  w e  d e t e r -  

Then, we can r e q u i r e  t h a t  t h i s  dev ia t ion  be e l imina ted  i n  t ime T 

Numbers i n  t h e  margin i n d i c a t e  p a g i n a t i o n  i n  the f o r e i g n  t e x t .  
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produce a con t ro l  U ( t , x  ) ,  which would r e t u r n  t h e  s p a c e c r a f t  t o  t h e  

r equ i r ed  t r a j e c t o r y  by moment t = 2T i f  t h e r e  were no p e r t u r b a t i o n ,  e t c .  
2 1 

With t h i s  s ta tement  of t h e  problem, t h e  s e l e c t i o n  of  time T remains 
i n d e f i n i t e .  I t  must be s e l e c t e d  from the  condi t ion  o f  t h e  minimum mean 
va lue  of  ( l / T ) I ( u ) ,  under t h e  condi t ion  t h a t  d i s p e r s i o n  2 w i l l  no t  exceed 
i t s  pe rmis s ib l e  va lue .  

Time T should be expended i n  t h e  c a l c u l a t i o n  o f  t h e  p o s i t i o n  and t h e  
p r e d i c t i o n  of t h e  random process  of pe r tu rba t ions .  
p r e d i c t i o n  i n  t u r n  w i l l  i n f luence  the d i spe r s ion .  

The q u a l i t y  of  t he  

We no te  t h a t  t h i s  c o n t r o l  system requ i r e s  a system wi th  feedback. 
The r e a l i z a t i o n  of  such a system requ i r e s  economical a lgor i thms f o r  t h e  
s o l u t i o n  of  t h e  v a r i a t i o n  problems involved. 
and, consequent ly ,  t he  r e a l i z a t i o n  of  such a system i s  a completely 
p r a c t i c a l  ma t t e r .  

Such a lgor i thms a l r eady  e x i s t  

This  type  of system can be considerably more economical i n  t h e  sense - / 3  
of  energy expendi ture  f o r  c o n t r o l  than t h e  s tandard  o rgan iza t ion  of  feedback. 

I have j u s t  p resented  an example showing t h a t  a completely new set  of  
problems of syn thes i s  of con t ro l  systems with feedback may a r i se  i n  t h e  
problem of c o n t r o l l i n g  a manned s a t e l l i t e .  

A number of  o t h e r  v a r i a n t s  of similar con t ro l  systems may be suggested.  
O f  course ,  it is  impossible  t o  descr ibe  them i n  a b r i e f  p r e s e n t a t i o n .  
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